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Zinc oxide (ZnO) thin films with various concentrations were 
deposited onto glass substrates by using the spray pyrolysis 
technique at 230oC substrate temperature. Structural, 
optical and morphological studies of the samples were 
characterized using XRD, UV-Vis-NIR spectroscopy, atomic 
force microscopy (AFM) and field emission scanning electron 
microscopy (FESEM) respectively. The X-ray diffraction 
analysis reveals the hexagonal wurtzite structure of the ZnO 
thin films. An increase in crystal size and roughness with 
increase in concentration of the precursor solution is 
observed from the AFM studies. The morphological studies 
reveal that all samples are polycrystalline in nature. The 
optical study implies that the absorbance increased with 
increasing molar concentration. The ZnO films showed high 
transparency nearly 80% in the visible and NIR regions at 
lower concentrations and the band gap values are found to be 
in the range of 3.25 eV to 3.32 eV. A high sensitivity for NH3 
was obtained for the ZnO film at 0.1 M. The sensing response 
of 0.1M ZnO sample towards NH3 vapor has been 
investigated at different vapor concentrations at 300oC 
temperature. 


Copyright © 2016 IJASRD. This is an open access article distributed under the Creative Common Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
work is properly cited. 


INTRODUCTION 

ZnO has a wide band gap (~3.37eV) with large binding energy (60meV) that enables 
the use of Zinc Oxide thin films for organic light emitting diodes and efficient UV lasers. It 
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is a semiconductor of the II-IV family with hexagonal wurtzite structure. It has good 
electrical, optical, and piezoelectric properties. Also it has high mobility of conduction 
electrons, excellent stability and is of low cost [1 l. It has numerous applications such as, 
photo catalysis! 2 !, solid state optoelectronic devices! 3 !! 4 !! 5 !, dye-Sensitized solar cells! 6 !! 7 !, gas 
sensors! 8 !! 9 ! and heterojunctions! 10 !. Its interesting wetting properties are also important for 
many industrial processes, such as cleaning, drying, paint coating, adhesion, heat transfer, 
and pesticide applications. Various physical and chemical techniques are used to prepare 
thin films, such as RF magnetron sputtering I 11 !, chemical vapour deposition! 12 !, thermal 
evaporation! 13 !, spray pyrolysis technique (SPT)! 14 !! 15 ! and successive ionic layer adsorption 
and reaction (SILAR)! 16 !. 

Among these methods, SPT is an important technique that is very simple, low cost, 
and can be easily handled. Also, it can be used effectively for large area deposition. There 
are several reports available in the literatures that are related to the ZnO thin films by SPT 
and its different kinds of applications. N. L. Tarwal et al.,! 17 ! reported the multifunctionality 
of ZnO thin films synthesized by spray pyrolysis and discussed ethanol and propanol 
sensing performance. P. Mitra et al.,! 18 ! reported the electrical properties of chemically 
deposited ZnO films and their gas sensing characteristics to hydrogen and liquefied 
petroleum gas and the sensitivity to target gas has been studied in terms of degree of 
lowering of sensor resistance. R. Ferro et al., [19 ! suggested the work of correlation between 
thickness, morphology and NO 2 response of ZnO thin films. T.V Vimalkumar et al.,! 20 ! 
carried out structural, electrical, and optical studies and analysed the relation between the 
concentration of precursor solution and the optoelectronic properties of the ZnO films. 
F.Paraguay et al.,! 21 ! investigated the sensing properties of spray pyrolytic ZnO-doped thin 
films, to ethanol vapour. Jiaqiang Xu et al.,! 22 ! explained the alcohol sensing mechanism of 
ZnO and Ru-doped ZnO, on the basis of analysing catalytic oxidation products of C 2 H 5 OH 
and the relation between the conversion ratio and gas response of C 2 H 5 OH. P.S. Shrwale et 
al.,! 23 ! reported the structural, morphological, electrical properties of ZnO thin films and also 
reported the H 2 S gas sensing properties at different operating temperatures with lower 
concentration. 

In this present work, ZnO thin films were deposited on the glass substrate using the 
spray pyrolysis technique. Structural, morphological and optical properties of ZnO films 
were studied as a function of solution concentration. Also, the vapor sensing performance of 
the samples was studied at 0.1M concentration. 

EXPERIMENTAL DETAILS 

ZnO thin films were deposited onto the glass substrates using spray pyrolysis 
technique. De-ionized water was used as solvent for preparing the precursor solution. In the 
present study, the precursor solutions of four different concentrations of 0.05 M, 0.1 M, 
0.15 M and 0.2 M were prepared by dissolving Zinc acetate[Zn(CH3C00)2.2H20] in 
deionised water. The distance between the substrate and the spray nozzle was kept 
constant at 30cm and at an angle of 45°. The spray rate and temperature were held 
constant at 2ml/min and 230°C ± 2°C respectively. Illustration of the formation mechanism 
of Spray deposited ZnO thin film reaction is given in Fig. 1. 
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These films were further used to investigate the morphological, optical, structural, 
and gas sensing properties. Crystallinity of the films was analysed using Rigaku (D.mac.c) 
X-ray diffractometer (CuKa line; A=1.5405A). Surface morphology of the sample was studied 
using scanning electron microscopy (JEOLJSM-840). Optical absorbance and transmittance 
of the samples at normal incidence were analysed using UV-Vis-NIR spectrometer (Jasco-V- 
570). Sensor resistance was obtained using Lab VIEW-controlled NI USB 6212 data 
acquisition board interfaced to a computer. Electrical leads were made by using silver epoxy 
and thin copper wire. Vapor response of the film was studied by the chemiresistor method 
and the response was calculated using the relation Rair/Rgas, where Rair and R gas denote the 
resistance values in air and NH3 atmosphere respectively. 

RESULTS AND DISCUSSION 
3.1 Structural Characteristics 

X-ray diffraction patterns of ZnO thin films with various precursor solution 
concentrations are given in Fig. 2. The presence of all peaks ware indexed to the standard 
XRD spectrum of the ZnO structure in accordance with JCPDS card No. 00-036-1451. All 
films exhibited a high intensity (main peak) attributed to the (101) plane. Other peaks 
represent low intensity (100) and (002) diffraction peaksThe intensity of the (101) plane at 
36.28°is significantly higher than other peaks 124 ' 26 ! 

Results from the XRD studies show that the samples have polycrystalline nature, 
irrespective of the variation in concentration. The texture co-efficient (TC) was calculated 
for the different planes using the following expression. 

TC(hkl) = / ( M/ ) / /, (M/ ) 

* [( \ln)Y J I(hkllI r (hkl))\ 1 

where I(hkl) indicates the X-ray diffraction intensity obtained from the film, I r is the 
intensity of reference diffraction pattern and ‘n’ is the number of diffraction pattern 
(JCPDS data card (36-1451)). It is clear from the definition that the variation of the texture 
co-efficient implies the film growth in preferred orientations. Texture co-efficient calculated 
for different orientations namely (101), (100), (002) and (110) are shown in Table 1. These 
results indicate that the ZnO thin film does not grow well at a lower concentration due to an 
insufficient amount of the Zn 2+ species, resulting in slower ZnO growth than the films 
grown at higher concentrations ! 271 . 

Crystallite size was calculated for (101) at the maximum diffraction peak value using 
Debye Scherrer formula, the crystallinity increased with increase in solution 
concentration! 28 ! 



J3cosO 


where D is the diameter of the crystallite, X is the wave length of the CuKa line 
(A=1.5404A), 6 is the full width at half maximum in radians and 0 is the Bragg angle. The 
dislocation density (6), defined as the length of dislocation lines per unit volume of the 
crystal, is calculated using the following formula(3) by Saleem et al.,! 20 ] and specific surface 
area of the ZnO crystallite was calculated using equation (4) by Jonnala Rakesh Reddy et 
al.,! 301 


Ill 
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A = - 

8 = \/D 2 ... 3 Dxp . 4 

where ‘A’ is the specific surface area, ‘D’ is the crystallite size and ‘p’ is the density of 
ZnO (5.606 g nr 3 ). Surface area of 0.1M is higher than other precursor solution 
concentration. This parameter calculated from the XRD data is given in Table 2 

The lattice constants ‘a’ and ‘c’ were calculated by using the following equations 5 
and 6 by Nanda Shakti et al., 1 31 1 


2 


/l 


a 


3 sin# 


c = 


sin 6 


. 5 crniy. 6 

The observed ‘c’ and ‘a’ values given in Table 3 are in agreement with the standard 
values taken from JCPDS data card (36-1451). In thin films, strains originate mainly 
because of lattice mismatch between the film and the substrate and the differences in co¬ 
efficient of thermal expansion of the film and the substrate. Strain value was calculated 
using the following expression. 


S - 


P cos 6 


Strain(e )% of the thin films is calculated from the c-axis lattice parameter using the 
following formula by Benramache et al., [32] 


s% = - C ° xl00 

.8 

Where C is the lattice parameter of ZnO films calculate from XRD data and 
Co=5.205A is the unstrained lattice parameter of ZnO. 

Strain could be positive (tensile) or negative (compressive) according to the above 
equations (7) and (8) shown in Table (2). These calculated values of strain along with the 
peak position for (101) are tabulated in Table 2. According to the above formula, the positive 
values of e represent tensile strain while a negative value represents compressive strain. As 
the ZnO content increases, the concentration of the film also increases, indicating that as 
the film grows thicker, and the film is relaxed by reducing the strain. The film that has 
concentration of 0.1M shows the minimum strain. The evaluated structural parameters of 
ZnO thin films using its (101) orientation are presented in Table 2, showing that the strain 
in the spray pyrolysis method derived ZnO films is tensile and the optimum concentration 
of film approximately 0.1M for the best structural quality. According to Ghosh et al.,! 33 ! the 
tensile strain might be due to a thermal mismatch between the ZnO film and glass 
substrate. From the dislocation density data, one can clearly observe that the crystallite of 
the films is good because of their small dislocation density (6) values, which represent the 
amount of defects in the film. The larger D and smaller dislocation density (6) values show 
better crystallization of the films. 
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3.2 Surface Morphological Studies 

3.2.1 FESEM 

The thickness of the samples, studied using profilometer, is found to increase with 
increasing concentration of the precursor solutions (98nm, 185nm, 280nm and 366nm for 
0.05M, 0.1M, 0.15M and 0.2M respectively). The FESEM morphologies of the ZnO thin films 
coated at different concentrations are shown in Fig.3. The surface morphology of the film at 
0.1M indicates appreciable formation of nanoparticles of ZnO. The grain size (D) of ZnO has 
increased from 7.8 to 15.7 nm as a function of concentration. The coated films become 
thicker as the concentration increases. More Zinc particles are present in thicker films 
increasing the electrostatic interaction between the particles facilitating the congregation of 
particles to form a grain [ 34 1 . Thus the grain size increases as concentration is increased. The 
presence of the nanoparticles with increasing porous structure is more clearly observed in 
the film morphology for thicker films. 

3.2.2 Atomic Force Microscopy 

AFM measurements of surface topography of the film were carried out using a 
Shimadzu atomic force microscope in contact mode. A commercial standard pyramidal 
Si3N4 tip was used. An AFM image was acquired in ambient air and digitized to 256*256 
pixels. AFM image of ZnO thin films with 0.1M and 0.2M as shown in Fig. 4 and 5 The 
RMS(root-mean-square) roughness values of sample (0.1M) and (0.2 M) are 13.5nm and 
45nm respectively. As can be seen, the micrographs reveal that the films are closely packed 
and granular in nature. 0.2M of ZnO film has a high dense roughness value compared to the 
0.1M sample. The roughness value increases with increase in solution concentration. 

3.3 Optical Properties 

Fig. 6 shows the absorbance spectra of ZnO thin films deposited at different molar 
concentrations in the wavelength range of 300-1200 nm. It is observed from the figure, the 
absorption edges are below 380nm for all concentrations. Which can be attributed to the 
intrinsic band gap of the ZnO due to electron transitions from the valence band to the 
conduction band. 

Optical transmission spectra of ZnO films in the range of 300-1200 nm wavelength 
range are presented in Fig. 7. The transmission decreased sharply near the ultraviolet 
region at approximately 380 nm for all the, films corresponding to the intrinsic band gap 
energy of ZnO. Higher transmittance (nearly 80%) is achieved at a lower concentration 
(0.05M). At higher solution concentrations (>0.05M), the ZnO thin films exhibited a 
decrease in the optical transmittance due to the formation of larger particles, film thickness 
and void around the grains as presented in FESEM results. The decrease in transmittance 
may also be due to increase of the optical scattering caused by the grain boundaries. The 
optical band gap energy (Eg) values of the films were calculated by applying the Tauc 
model, given in the following relations [35] 


a = (2.303A)/t 


(9) 



00 ) 


where a is the absorption coefficient, hv is the photon energy, Eg is the optical band 
gap and B is constant. The optical band gap values, Eg, of the ZnO films were obtained from 
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the absorption coefficient measurements by plotting (ahv) 2 versus hv. From the Tauc plot, 
the optical band gap energy of the ZnO thin films was found to range between 3.253 and 
3.37 eV given in Fig 8 and Table 2, which is in close agreement with the values reported by 
other researchers for polycrystalline ZnO thin films 1361 . 

3.4. Sensing Studies 

3.4.1. Sensing Response to Different Reducing Vapors 

Most of the metal oxides exhibit response changes when exposed to different 
vapors! 371 . The sensing response of the spray deposited ZnO thin film towards other 
reducing vapors such as humid air (relative humidity = 54%), formaldehyde, acetone, and 
methanol in dry air atmosphere was studied without changing other experimental 
conditions. Fig. 9 picturizes the sensing response of ZnO film for individual vapors. The 
results reveal that ZnO film has a good sensing response towards ammonia than other 
reducing vapors at 300°C temperature. The selectivity of the film towards a particular vapor 
can be expressed as follows: 

Selectivity=SA/SB.(11) 

where Sa and Sb are the sensing responses of the film towards ammonia (target) 
vapor and interfering vapor respectively. The obtained result shown in Fig. 10 indicates that 
ZnO thin film is highly selective towards ammonia vapor. The catalytic effect of 
nanostructured ZnO thin film increases the number of chemisorbed oxygen ions over the 
film surface and promotes the reaction with ammonia vapor. Moreover, the crystalline film 
being highly oriented could be a potential reason for increased selectivity t 37 ! (P.S.Shewale et 
al 2012) towards ammonia vapor at 300° C temperature. The larger value of selectivity for a 
specific gas denotes that the sensor has a better competency to differentiate the target 
vapor (ammonia) from the other vapors. Therefore, a good sensing performance of 0.1M ZnO 
film sensor to NH3 vapor was observed. 

3.4.2 Temperature Effects of ZnO thin film 

Temperature effects indicate that the film is sensitive enough for monitoring low 
concentrations (10 ppm) of ammonia vapor. The sensor response of ammonia vapor at 
different operating temperatures was evaluated Fig. 11. It shows the sensitivity as a 
function of operating temperature for ZnO film. This figure reveals that the maximum 
sensitivity (833%) is obtained at 300°C. It is well known that the sensitivity of the metal- 
oxide semiconductor sensor is mainly determined by the interactions between the target 
vapor and the surface of the sensor. So, it is obvious that for a greater surface area of the 
materials, the interaction between the adsorbed vapors and sensor surface are stronger, i.e. 
gas sensitivity is higher! 38 ! 

The sensor response rapidly increases with temperature, showing a maximum value 
at about 300° C and further increase in temperature causes a drastic decrease in the 
response. This volcano-like behavior can be interpreted and the resistance of the thin film 
material should decrease upon contact with ammonia vapor, because of release of free 
electrons in the bulk. However, in the range of low-mild operating temperatures, the sensor 
response is low because NH3 molecules are not activated enough to react with the oxygen 
species adsorbed onto the semiconductor sensing layer. Increasing the temperature up to 
300° C, the above described process occurs more easily, contributing to the high response 
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registered at this temperature (300° C). Raising the temperature above this value is 
deleterious for the ammonia sensing properties, because NH3 and adsorbed oxygen 
desorption processes become predominant, making less available these reactive species on 
the ZnO surface. 

3.4.3. Sensing Mechanism of ZnO Film for Ammonia (NH 3 ) Vapor 

Commonly, the gas sensing mechanism of the semiconducting metal oxide gas 
sensors is based on variation in the electrical resistance or conductance due to vapor 
adsorption and desorption on the sensor surface. For example, when a ZnO-based sensor is 
exposed to air, oxygen from the ambient air adsorbs on the ZnO surface to form mainly O 2 —, 
20- or 2 O 2 - depending on the operating temperature by capturing electrons from the ZnO 
conduction band [39], according to the following surface reactions 

O 2 +e——>02 —; O 2 +2e——>20—; 02 +4e——>202— .(12) 

The chemisorbed oxygen species are also known to depend on the grain size and film 
porosity! 40 ]. Considering that ZnO is n-type, the number of majority carriers (electrons) 
decreases because of these surface reactions and thus ZnO thin films are supposed to 
exhibit quite a high resistance in air. When sensors are exposed to a reducing gas such as 
NH3 vapor, the vapor reacts with the adsorbed oxygen species, producing NH3 molecules 
and releasing electrons back into the conduction band: 

2NH3+30(ads).N2+3H20+3e'.(13) 

These reactions cause an increase in conductivity and as observed, the resistance of 
ZnO-based vapor sensor is decreased. Schematic diagram of the possible ammonia sensing 
process of ZnO sensor is given in Fig 12. 

The resistance response curve of ZnO thin film deposited at 0.1M precursor solution 
at 300°C for various gas concentrations of ammonia ranging from lOppm to 50ppm is 
presented in Fig. 13. At each concentration, the initial resistance of the sensor in the dry 
air is high and steady, whereas its resistance decreases abruptly when it is exposed to NH 3 
gas, exhibiting n-type semiconducting behaviour as expected. The lower initial resistance at 
lower concentration is also ascribed to the semiconducting property of the ZnO film. It is 
clear that the response characteristics of the sensor depend on the gas concentration. 

3.4.4 Response and Recovery Time 

Fig. 13 displays the transient response of the ZnO film for different ammonia 
concentrations from 10 to 50 ppm. An instantaneous change in film resistance was observed 
when exposed to ammonia vapor. This indicates the rapid response of ZnO film towards 
ammonia vapor and this is due to Nano crystallite present over the surface of the film, 
which enhances the reaction rate. Fig. 14 indicates the response time (90sec) and recovery 
time (37sec) for ZnO thin film sensor to NH3 at 10 ppm concentration maintained at a 
temperature of 300°C. At lower ammonia concentration, the interacting rate of the 
molecules over the surface of the film is low, thereby longer response was observed. On the 
contrary, at lower concentration, more number of adsorbed molecules could be desorbed at 
300°C temperature, causing decrease in recovery time given in Table 4. 
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3.4.5 Rate of Response (Sensitivity) 

It is seen that the resistance of ZnO thin film decreases in response to increasing 
concentration of ammonia (NH 3 ) gas. The resistance response of sensor structure was 
transformed into a sensitivity value using commonly used formula for the reducing gases 
given in eqn 14. 

s = Ro-Rg xlQQ% 

(14) 

The sensitivity of zinc oxide film grown by the spray pyrolysis technique and their 
sensing properties are shown in Fig. 15. The sensitivity of the film at high concentration (50 
ppm) of ammonia was found to be appreciable and better, compared to the response at lower 
concentrations. Moreover, the porous structure of nano particles of the ZnO film is favorable 
for surface interaction between adsorbed oxygen ion (O 2 ) and ammonia vapor molecule. 

CONCLUSION 

(i) The ZnO thin films prepared by the spray pyrolysis technique using Zn 
(CH3COO)2 2 H 2 O as the precursor are found to have hexagonal wurtzite structure with 
crystallite sizes of 7.8 nm to 15.7 nm and lattice strain of 0.0027 to 0.00415. The lattice 
parameters a (2.866 A° to 3.013A°) and c (4.964 A° to 5.220 A°) calculated from the 
diffraction data in the present investigation are found to be in close agreement with those 
reported in JCPDS card 36.1415 (a = 3.24A°, c = 5.20A°). 

(ii) The transmittance of the samples is in the ranges from 400nm to 1200nm and 
optical absorbance studies are in congruence leading to the formation of good quality film. 

(iii) ZnO films were investigated in the monitoring of NH3 showing the maximum 
response at 300°C. The higher response was obtained for the NH3 sensor based on ZnO thin 
film exhibiting randomly oriented morphology. 

(iv) AFM images reveal that the ZnO films at 0.2M concentration exhibit a much 
rougher surface topography with a root mean square (RMS) roughness of 45 nm compared 
with that of the 0.1M film having a low RMS roughness of 13.5nm. 

(v) In summary, from this study it can be concluded that the performance of resistive 
ZnO based sensors to NH3 vapor can be controlled by tuning the morphology of the metal 
oxide thin film by a rapid synthesis procedure assisted by the spray pyrolysis method, 
providing a simple way to fabricate highly sensitive NH3 vapor sensors. 
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APPENDIX 

Table - 1: Variation of Texture Co-efficient with Concentration 


S.No 

Solution 

concentration 

TC(101) 

TC(100) 

TC(002) 

TC(110) 

1 

0.05M 

1.12 

1.00 

0.87 

- 

2 

0.1M 

1.70 

1.20 

0.73 

0.34 

3 

0.15M 

1.71 

1.12 

0.67 

0.50 

4 

0.2M 

1.58 

1.27 

0.74 

0.41 


Table - 2: Variation of Strain, Strain%, Dislocation, Specific Surface Area and Optical 


Band Gap as a Function of Concentration 


S.No 

Solution 

concentration 

Micro 

strain 

10- 3 

Strain% 

8 10 3 
(nm)' 2 

Specific 
surface 
area (A) 
M 2 /kg 

Crystallite 
size D 
(nm) 

Optical 

band 

gap 

(eV) 

1 

0.05M 

0.4 

0.293 

0.1608 

1.35 

7.8 

3.25 

2 

0.1M 

2.0 

-4.63 

4.0389 

8.98 

10.8 

3.27 

3 

0.15M 

2.7 

-4.57 

7.0403 

6.80 

11.5 

3.37 

4 

0.2M 

2.4 

-4.51 

5.8183 

8.16 

15.7 

3.32 


Table - 3: Variation of Lattice Parameters as a Function of Concentration 


S.No 

Solution 

concentration 

a(A) 

c(A) 

c/a 

1 

0.05M 

3.013 

5.22033 

1.732 

2 

0.1M 

2.866 

4.964 

1.732 

3 

0.15M 

2.867 

4.967 

1.732 

4 

0.2M 

2.869 

4.970 

1.732 


Table - 4: Variation of Sensing Parameters as a Function of Ammonia Vapor Concentration 


Ammonia vapor 

Response time 

Recovery time 

Sensing response 

concentration(ppm) 

(sec) 

(sec) 

(%) 

10 

90 

37 

94 

20 

86 

39 

183 
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Figure-1: Illustration of the Formation Mechanism of Spray Deposited ZnO Thin Film 



Figure-2: XRD Pattern of ZnO Thin Films Obtained from Different Precursor Solution 
Concentrations 



Position(2 theta) 
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Figure-3: FESEM Images of ZnO Films Deposited at Various Concentrations in the Range 
of lpm 



Figure-4: Surface Topography Variation of the ZnO Thin Film (a) 2D Image and (b) 3D 
Image 0.1M Over a Scale of 2pm x 2pm 



Figure-5: Surface Topography Variation of the ZnO Thin Film (a) 2D Image and (b) 3D 
Image 0.2M Over a Scale of 5pm x 5pm 
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Figure-6: Optical Absorbance Spectra of ZnO Thin Films Deposited at Various 
Concentrations as a Function of Wavelength 
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Figure-7: Optical Transmission Spectra of ZnO Thin Films Deposited at Various 
Concentrations as a Function of Wavelength 



Wavelength (nm) 

Figure-8: Estimates of the Optical Band Gap Energy (Eg) of ZnO Thin Films Using Tauc’s 
Plot as a Function of Concentration 
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Figure-9: Various Vapor Sensing Response (%) of 0.1M ZnO Film at 300oC Operating 
Temperature for 50 ppm Vapor Concentration 




Figure-11: Temperature Dependence of the Sensing Response (%) of 50 ppm Ammonia 

Vapor Concentration for the ZnO Thin Film 

—•—Sensing Response % at various temperatures for 
50 ppm of ammonia 
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Figure-12: Schematic Diagram of the Possible Ammonia Sensing Process of ZnO Sensor 





Figure-13: Transient Resistance Response of ZnO Sensor to Exposure of Various 
Concentrations of NH3 at 300oC Figure 



Figure-14: Transient Resistance Response of ZnO Sensor to Exposure of lOppm of NH3 at 
300oC 


—o— Resistance response of lOppm of ammoniia at 30Q°c 



Volume 03, Issue 01, Version II, Jan - Mar’ 2016 


124 





















Fairose et at., (2016) 


Figure-15: Sensitivity of the ZnO Sensor at 300oC at Various Concentrations of Ammonia 
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